Abstract
INTRODUCTION
Ulcerative colitis (UC) is a chronic intestinal disease, and its clinical manifestations are associated with the pathophysiological aspects of intestinal motility disorders, such as diarrhea and tenesmus [1, 2] . Intestinal motility disorders of UC can seriously impact the quality of life (QOL) of patients due to the long disease duration. At present, improving the QOL, inducing and maintaining clinical remission and mucosal healing, and preventing complications are together regarded as the targets of UC treatments [3] . Previous clinical and experimental studies have demonstrated that Traditional Chinese Medicine (TCM) is advantageous in treating UC; its curative effect is reliable, with less side effects and low recurrence rate [4, 5] . Jianpi Qingchang decoction (JQD) was made on the basis of the theory in TCM to treat UC. Previous studies found that JQD could be used to treat patients with initial or mild UC, improve their intestinal sym ptoms, such as diarrhea, mucous bloody stool and tenesmus, and regulate their systemic functional state, such as fatigue, consequently improving their QOL [6, 7] . Furthermore, JQD could upregulate the expression of peripheral blood mononuclear cell glucocorticoid receptorα to improve hormonedependent status to treat steroiddependent UC [8] . Besides, JQD could suppress activation of the nuclear factorkappa B (NF κB) signaling pathway and regulate the expression of cytokines in dextran sulfate sodium (DSS)induced colitis in mice [9] . Recent investigations have demonstrated that inflammation influences the morphology and structure of interstitial cells of Cajal (ICC), leading to a variety of changes in the physiological properties of the neurons in the related circuitry, which then affects gastrointestinal motility [10] . Therefore, ICC have been accepted as a therapeutic target for gastrointestinal motility disorders [11] . Defective autophagy has been strongly linked to UC pathogenesis, with evidence showing that enhancing autophagy may be thera peutically beneficial by regulating inflammation and clearing intestinal pathogens [12, 13] . The regulation of autophagy might be a potential strategy for UC, which can be achieved by multi level and multipath interference [14] . Therefore, it was essential to study relationships between intestinal motility disorder of UC and autophagy of ICC, and to explore upstream signaling pathway regulation to strengthen or advance the beneficial autophagy response, which might be beneficial in preventing and treating intestinal dysmotility of UC [15] . JQD could improve the clinical symptoms of intestinal dysmotility, such as diarrhea and tenesmus in patients with UC, but the specific mechanisms remain unclear [6, 7] . The aim of the present study was to investigate the effects of JQD on intestinal motility of DSSinduced colitis in mice. 
MATERIALS AND METHODS

Materials
Colitis model construction and treatment
Specific pathogenfree C57BL/6 6 to 8wkold male mice (weight, 25 ± 3 g) were purchased from Shanghai XierpuBikai BioTechnique Co. Ltd. [Certificate No. SCXK(Hu)20130016]. All experiments were approved by the local ethics committee for Animal Research Studies at the Shanghai University of TCM (SZY20151002). Fortysix mice were randomly divided into four groups: the control group (n = 10), the DSS group (n = 12), the JQD group (n = 12), and the 5ASA group (n = 12). Except for the control group, colitis was induced in the other groups by giving distilled water containing 5% (w/v) DSS [16] . Seven days after modeling, the mice were admini stered corresponding drugs intragastrically for 7 d. The intragastric administration dose of the mice in each group was calculated according to the conversion factor of experimental animals and clinical administration dose, which was 0.2 mL/(10 g•d) according to the body mass of the mice [17, 18] . The control group and the DSS group mice were administered 0.5% CMC solution intragastrically. The JQD group mice were administered JQD solution (17.1 g/kg per day) and the 5ASA group mice were administrated 5ASA solution (100 mg/kg per day) intragastrically [19] . The color, activity, feces condition, weight, and eating volume of mice were observed daily during modeling and drug administration. FOB was tested, and the severity of colitis was assessed daily using the disease activity index (DAI), which was calculated by grading on a scale of 0 to 4 using the following parameters: loss of body weight (0: normal; 1: 0%5%; 2: 5%10%; 3: 10%15%; 4: > 15%), stool consistency (0: normal; 2: loose stools; 4: watery diarrhea) and FOB (0: negative; 2: positive; 4: gross bleeding) [20] .
Tissue collection
After the drug administration for 14 d, the mice in each group were sacrificed and colon tissues (from the ileocecal junction to the anal verge) were collected. The general form of colon tissues was observed, and the length was recorded. The colon tissues were cut into three sections. One part was tiled on the filter paper, fixed at the two ends by pins, and then fixed in 4% liquor formaldehyde for hematoxylin and eosin (H and E) staining and in 2.5% glutaraldehyde for transmission electron microscopic (TEM) observation [21] . One part was cut into smooth muscle strips (2 mm wide and 10 mm long) for determining tension. The other tissues were packaged using aluminized paper, put into liquid nitrogen, and stored at 80 ℃ before being used for ELISA, western blotting, and mRNA analyses.
TEM
Colon tissues were doubly fixed with glutaraldehyde and osmic acid, dehydrated with gradients of ethyl alcohol and acetone, embedded and saturated, sliced into ultrathin sections (thickness, 5060 nm), and doubly stained with uranyl acetate and lead citrate. The structure of ICC and autophagosomes were observed by TEM (Philips, Eindhoven, Netherlands).
ELISA
Colons were weighed and homogenized in 1 mL of ice 
PowerLab analysis
Colon smooth muscles from mice were perfused with Krebs (mmol/L: NaCl 8 g, KCl 0.2 g, MgSO4•7H2O 0.26 g, NaH2PO4•2H2O 0.065 g, NaHCO3 1 g, CaCl2 0.2 g, glucose 1 g; 37.5 ± 0.5 ℃, pH 7.37.4) bubbled with 97% O23% CO2 [22, 23] . One end of the smooth muscle strip was fastened to the tension converter in the bath of the perfusion system of isolated tissue, and the other end was fastened to the hook at the bottom of the bath. The load was 1.0 g, and the balance time was 30 min. After the spontaneous contraction of the smooth muscle strips became steady, electrical signals were recorded with a PowerLab 8/30 (ADInstruments, Bella Vista, Australia) and the contractile amplitude and frequency were analyzed every 5 min.
Statistical analysis
Oneway ANOVA was used to analyze the data expressed as mean ± SD for comparison between multiple groups and least significant difference ttest for internal group comparison. All statistical analyses were performed using SPSS version 18 (SPSS Inc., Chicago, IL, United States). The threshold of statistical significance was set to P < 0.05. GraphPad Prism version 5.0 (GraphPad Software Inc., La Jolla, CA, United States) was used to generate histograms.
RESULTS
JQD decreased DAI scores
On the 2 nd day of modeling, the mice in the model groups began to lose weight. Their stools became sticky, and the FOB test was positive, although the color was yellow. On the 7 th day of modeling, the body weight of the model group decreased obviously, and black stool or bloody stool was visible in the anus. During modeling, the DAI scores of mice in the model groups increased gradually. Because of weight loss and bloody stool, two mice died in each of the DSS, JQD and 5ASA groups. Following drug intervention for 7 d, two mice died in the DSS group due to obvious hematochezia. One mouse died in each of the JQD and 5ASA groups due to severe weight loss. In the DSS group, the bloody stool gradually decreased. The stool took shape slightly with soft quality, and the FOB test was positive (6/8). The FOB test turned negative (8/9) in the JQD group and (7/9) in the 5ASA group. During drug admini stration, the DAI scores decreased gradually ( Figure 1 ).
JQD improved colonic macroscopic appearances
In the control group, the colon had good toughness. It was not easily breakable, and the colonic mucosa was smooth. In the DSS group, the length of the colon was significantly shortened compared with the control group (P < 0.05). The colon had poor toughness, with cold RIPA lysis buffer containing 1% protease inhibitor cocktail and 1% phosphatase inhibitor cocktail. The lysate was centrifuged (15000 × g, 4 ℃) for 15 min, and the supernatant was used for TNFα, IL1β, IL10 and IFNγ analyses. The levels of TNFα, IL1β, IL10 and IFNγ in colons were measured by commercial ELISA kits following per manufacturer's instructions, respectively.
Western blotting analysis
The bicinchoninic acid method was utilized to quantify the protein concentrations of colon tissue extracts, which were subsequently separated by 10% sodium dodecyl sulfatepolyacrylamide gel electrophoresis. The protein spots in the gels were transferred onto polyvinylidene fluoride membranes (Amersham Pharmacia Biotech, Piscataway, NJ, United States), which were then blocked by 5% skimmed milk, Trisbuffered saline and Tween 20 at ambient tem perature for 2 h. The membranes were incubated with primary antibody against NFκB p65 (rabbit anti NFκB polyclonal antibody, 1:500) overnight at 4 ℃ and then incubated with the appropriate horseradish peroxidaseconjugated secondary antibodies. Finally, the blots were visualized using an enhanced chemilu minescence detection kit (Millipore, Temecula, CA, United States), and glyceraldehyde3phosphate dehydrogenase (GAPDH) (Yushen BioTechnique Co. Ltd., Shanghai, China) was used as a loading control. Three independent replicates were conducted for each experiment.
RNA preparation and reverse transcription-polymerase chain reaction analysis
Total RNA was isolated from mice colon tissues using TRIzol reagent (Invitrogen, Carlsbad, CA, United States) and reversetranscribed into cDNA using a Reverse Transcription System (Promega, Madison, WI, United States). The thermal cycling conditions were as follows: 95 ℃ for 3 s, 95 ℃ for 5 s for 40 cycles, and 60 ℃ for 3034 s. The mRNA expression levels of ckit, microtubuleassociated protein 1 light chain 3 (LC3Ⅱ) and Beclin1 were quantitatively analyzed and normalized to GAPDH levels. Three replicates were run for each assay. Table 2 Polymerase chain reaction primers' gene sequences congestion and edema. Partial colon had adhesion with surrounding tissue, irregular ulcer, and bleeding on the mucosa. In the JQD and 5ASA groups, the colon had better toughness, with local congestion and edema. Partial colon had a small amount of punctate erosion (Figure 2 ).
JQD promoted repair of the colon
H and E staining showed that in the control group, the colons presented a normal morphology of crypts, abundant goblet cells, a small number of lamina propria mononuclear cells, no signs of mucosal thickening, and complete absence of ulcerations. However, in the DSS group, the colons presented severe epithelial damage with extensive cellular infiltration into the lamina propria and colon mucosa, mucosal thickening, glands arranged irregularly, ulcer and crypt abscess formation, and proliferating granulation tissue. In contrast, in the JQD and 5ASA groups, the colons presented the migration and repair of epithelial cells on the erosive mucosal surface with infiltration of fewer inflammatory cells and recovery of the glandular structure (Figure 3 ).
JQD suppressed ICC excessive autophagy
In the control group, ICC was spindleshaped with a huge ovate nucleolus, caveolae, and numerous free ribosomes. A mass of mitochondria, and smooth and rough endoplasmic reticulum were present in the cytoplasm. ICC was located around the nerve fibers and connected with neighboring smooth muscle cells (SMCs) by intermediate junctions. A few autophagic vacuoles could be observed in ICC. In the DSS group, huge vacuoles, reducing organelles, chromatin margination, cytoplasmic liquefaction and dissolution, and almost invisible autophagic vacuoles could be observed in ICC. In the JQD and 5ASA groups, the configuration of ICC was normal, with intact connections between cells and the ridge of mitochondria, and a few autophagic vacuoles existed (Figure 4) .
JQD inhibited the NF-κ B/TNF-α pathway, regulated the cytokine expression of IL-1β , IL-10 and IFN-γ levels in colon tissue
Compared with the control group, the levels of IL1β, IL10, IFNγ and TNFα increased in the DSS group (P the two groups (P > 0.05). Compared with the DSS group, the levels of IL10 and IFNγ increased in the JQD and 5ASA groups. A statistically significant difference was found between the JQD and DSS groups (P < 0.05), but no difference was noted between the 5ASA and DSS groups (P > 0.05) ( Figure 5 ). Compared with the DSS group, NFκB p65 ex pression increased in the DSS group (P < 0.05). After intervention, compared with the DSS group, NFκB p65 expression decreased in the JQD and 5ASA groups (P < 0.05). However, no statistically significant difference was observed between the two groups (P > 0.05) ( Figure 6 ).
JQD regulated c-kit, LC-3Ⅱ and Beclin-1 mRNA expression in colon tissue
Compared with the control group, ckit mRNA expression decreased (P < 0.05) and LC3Ⅱ mRNA and Beclin1 mRNA expression increased in the DSS group (P < 0.05). After intervention, compared with the DSS group, ckit mRNA expression increased in the JQD and 5ASA groups (P < 0.05), LC3II mRNA and Beclin1 mRNA expression decreased in the JQD and 5ASA groups (P < 0.05). However, no statistically significant difference was found between the two groups (P > 0.05) (Figure 7 ).
JQD regulated intestinal motility
Compared with the control group, the colonic smooth muscle contractile amplitude decreased, while the contractile frequency increased in the DSS group (P < 0.05). After intervention, compared with the DSS group, the colonic smooth muscle contractile amplitude increased, while the contractile frequency decreased in the JQD and 5ASA groups (P < 0.05). There was statistically significant difference between the two groups (P < 0.05) (Figure 8 ).
DISCUSSION
The main clinical manifestations of UC include the intestinal motility disorder symptoms [24] . The abnormal expression of NFκB/TNFα pathway and cytokine expression is related to not only the intestinal mucosal inflammation of UC but also the intestinal motility. Research has revealed that the secretion of inflam matory factors increases in UC. TNF-α and IL-1β can inhibit Ltype Ca 2+ channels in the circular smooth muscle of colon and activate NFκB. Then, NFκB enter into the cell nucleus, which inhibits subunit description of Ltype Ca 2+ channel α1C. Subsequently, the number of Ca 2+ channels in the cytomembrane of smooth muscle and Ca 2+ entering into cells decrease.
This inhibits the recovery of SMC contraction [25] . IL 1β can increase the levels of cytokine IL6, IL8 and TNFα produced by macrophagocytes. Therefore, the neutrophils aggregate near the inflammatory site, which causes a series of pathological changes such as intestinal epithelial cell damage, crypt abscess and smallvessel vasculitis, leading to the abnormal proliferation of SMCs. The proliferation of abnormal SMCs makes them become thin in UC, resulting in motility disorder [26] . This study found that JQD could repair colonic tissues of DSSinduced colitis in mice, and that this effect involved inhibiting the NFκB/TNFα pathway, reducing the level of proinflammatory factor IL1β, increasing the level of anti-inflammatory factor IL-10 and immunomodulatory factor IFNγ, and suppressing the intestinal inflammatory cascade reaction. The aggravation of inflammatory reaction led to the filtration of a large number of immune cells, which damaged the colonic mucosa. The repair of colonic mucosa might be due to the decrease in immune inflammatory response after JQD treatment.
This study also found that compared with the control group, the levels of IL10 and IFNγ increased in the DSS group, which was in accordance with some previous studies [27, 28] . This finding reflected that the bodies of mice had selfregulation and selfrecovery effects on colitis induced by DSS, but the weak effect was not enough to cope with intestinal inflammation so that the lesions in intestinal mucosa still existed. However, the selfregulation and selfrecovery effects were enhanced under the intervention of JQD, and the increasing levels of IL10 and IFNγ blocked the secretion of proinflammatory cytokines. Therefore, JQD promoted the recovery of intestinal mucosa.
The ICC/SMC network pathway is the basic func tional unit of gastrointestinal motility. It causes effec tive transmission of nerve impulse to the surrounding smooth muscle, leading to gastrointestinal motility [29] . The abnormal ICC/SMC network pathway has a certain relationship with intestinal motility disorder of UC [30] . ICC often shows multiple secondary lysosomes, large confluent lipid bodies, and disrupted aggregates of vacuolated glycogen clusters. Intermediate filaments show margination and clumping in patients with UC [31] . The intestinal motility disorder in DSSinduced colitis is caused by the decreased expression of sarco plasmic endoplasmic reticular calcium ATPase 2 and phospholamban in SMCs, and the increased activity of calmodulin kinase Ⅱ and the level of histone deacety lases 4 in the cytoplasm. In addition, the increased expression of the contractile proteins associated with the actin filaments of SMCs, which inhibits the interaction between the myosin filaments, is also an important factor [32] . This study found that under physiological con ditions, moderate autophagy maintained the growth, finally causing diarrhea and tenesmus. JQD can inhibit excessive autophagy in ICC, regulate the ICC/SMC network pathway, increase the contractive amplitude, and decrease the contractive frequency of smooth muscle. Hence, the colonic smooth muscle tends to be normal and regulates intestinal tract dynamics.
JQD reflects the features of TCM treatment for UC on the basis of syndrome differentiation [33] . As a complete decoction, Codonopsis pilosula and Radix astragali could nourish qi, Portulaca oleracea L and Radix sanguisorbae could clear heat and dampness, Panax notoginseng and Bletillae rhizoma could promote blood circulation by removing blood stasis. Modern studies have found that R. astragali containing Astragalus polysaccharide can effectively ameliorate 2, 4, 6trinitrobenzene sulfonic acidinduced experimental differentiation, survival and homeostasis of colonic ICC. Under pathological conditions, in a model of DSSinduced colitis, excessive autophagy occurred in ICC, leading to programmed cell death. Pathological microstructure revealed reduced organelles, chromatin margination, cytoplasmic dissolution, changes in mitochondria and vacuoles, and reduced or absent autophagic vacuoles. Findings at the molecular level were reduced ckit protein expression and increased LC3Ⅱ and Beclin1 protein expression. The colonic smooth muscle contractile amplitude decreased while contractile frequency increased in the model of DSS induced colitis. The main abnormal manifestations of intestinal motility were reducing muscle tension and increasing unordered propulsion motility. This was similar to the intestinal dysmotility in patients with UC, colitis in rats, probably through restoring the number of regulatory T cells, inhibiting IL17 levels in Peyer's patches, and regulating the expression of TNFα and IL1β [34] . Berberine, the main component of Coptis chinensis, can downregulate the level of IFNγ and IL12, upregulate the levels of IL4 and IL10 in DSS induced colitis, and relieve inflammatory reaction in intestinal epithelial cells [35, 36] . Ginsenoside-Rg1, the main component of P. notoginseng, can prolong the bleeding and clotting time, downregulate the thromboxane B2 level, and upregulate the 6keto prostaglandin F1a level to improve the hypercoagulable state in DSSinduced colitis in mice [37] . This study found that the NFκB/TNFα pathway was activated in DSSinduced colitis in mice. Abnormal expression of cytokines, excessive autophagy of ICC finally resulted in abnormal motility in UC. JQD can repair the colonic tissues in DSSinduced colitis in mice and regulate the intestinal motility through suppressing intestinal inflammatory cascade reaction, reducing excessive autophagy of ICC, and regulating the network path of ICC/SMCs.
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COMMENTS
Background
The main clinical manifestations of ulcerative colitis (UC) include the intestinal motility disorder symptoms of abdominal pain, diarrhea and tenesmus, besides bloody stool with mucus and pus. Intestinal motility disorder of UC can seriously impact the quality of life (QOL) of patients.
Research frontiers
Interstitial cells of Cajal (ICC) have been accepted as a therapeutic target for gastrointestinal motility disorders. The regulation of autophagy might be a potential strategy for UC, which can be achieved by multi-level and multipath interference. Therefore, it was essential to study relationships between intestinal motility disorder of UC and autophagy of ICC, and to explore upstream signaling pathway regulation to strengthen or advance the beneficial autophagy response, which might be beneficial in preventing and treating intestinal dysmotility of UC.
Innovations and breakthroughs
Previous studies found that Jianpi Qingchang decoction (JQD) could be used to treat patients with initial or mild UC, improve their intestinal symptoms, such as diarrhea, mucous bloody stool and tenesmus, regulate their systemic functional state, such as fatigue, and consequently improve their QOL. This study provided evidence that JQD can repair colonic tissues of dextran sulfate sodium-induced colitis in mice and regulate the intestinal motility through suppressing intestinal inflammatory cascade reaction, reducing excessive autophagy of ICC, and regulating the network path of ICC/smooth muscle cells.
Applications
The present study provides evidence that JQD, a traditional Chinese medicine recipe, regulates intestinal motility in UC.
Terminology
ICCs serve as electrical pacemakers, active propagation pathways for slow waves, and mediators of enteric motor neurotransmission and are involved in abnormality of intestinal motility. Recent investigations have demonstrated that inflammation influences the morphology and structure of ICC, leads to a variety of changes in the physiological properties of the neurons in this circuitry, and then affects the gastrointestinal motility.
Peer-review
This work focuses on the application of an herbal remedy in an animal model of inflammation.
